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INTRODUCTION:

In response to the potential use of viruses as biological weapons, we have established the Viral
Biological-threat Bioinformatics Resource (VBBR) that collects, catalogs, annotates, and analyzes
genetic information related to potential viral threats. This work expands upon available knowledge
of virus replication, pathogenicity, and virus-host interactions on the basis of individual protein
domains, individual genes, and whole genomes. This information has been made available to the
scientific community to support current research efforts to develop environmental detectors,
diagnostics, antiviral compounds, new vaccines, and animal models.

Specifically we are:

1. developing a relational database that supports the data storage, annotation, analysis, and
information exchange goals of this proposal;

2. developing a world-wide web site that will allow all information and analytical results compiled
and generated by this work to be publicized to the scientific community, providing rapid access to
specific information as required by an individual researcher;

3. collecting existing gene and genomic sequences for viral threat agents and importing them into
the database for subsequent annotation and analysis;

4. providing computer-automated and human-directed annotation to confirm and update existing
biological information in the sequence records for all sequences; and

5. performing a variety of analyses on genome and gene sequences to provide additional
information on their structure, function, and evolution.

BODY:

Substantial progress has been made in accomplishing many of the tasks outlined in the original
statement of work. Accomplishments extend to database construction, data population,
development and implementation of analytical and visualization tools, and publication of all
available information on a web site. The accomplishments are listed below, itemized according to
the original statement of work and task list.

Task 1. To develop a relational database that will support the data storage, annotation,
analysis, and information exchange goals of this proposal. (Months 1-6)

® The database has been created based on our previous work on poxviruses and has been
updated and refined to better support a wider range of virus threats. An overview of the
database schema is provided in figure 1.
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Figure 1. VBBR Database Schema

Task 2. To develop a world-wide web site that will allow all information and analytica

results compiled and generated by this work to be publicized to the scientific
community, providing rapid access to specific information as required by an
individual researcher. This web site will also provide the necessary security and
access controls to ensure that only individuals and groups as designated by the
granting agency (USAMRMC) can utilize these resources. (Months 1-12)

* The web site has been established and is accessible at the url: http://vbbr.genome.uab.edu.
¢ Login to the web site requires registration. Following registration, a user account is
established, and access is secured via a username/password. To register, a user needs to
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logon to the following web page: https://btd.genome.uab.edu/register/register.asp using the
following credentials: Username: genuab; Password: $mgbf2003 and fill out the form. The
user will be vetted for access and when approved will then be notified via Email when the
account is established.

¢ The home page for the VBBR web site is shown below in figure 2.
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Welcome

Welcome to the Viral Biothreat Bioinformatics Resource Center. This Center has been
established to provide resources to the scientific community for basic research and to
facilitate the development of novel antiviral therapies and vaccines against virus infections

as well as approaches for environmental detection of virions and the rapid diagnosis of
disease.

The Center provides a relational database that supports data storage of virus genomic
sequences, and annotation and analysis of virus genes; web-based data mining and

sequence analysis tools; software for analysis of complete genomes; and a discussion
forum.

The Viral Biothreat Bioinformatics Resource Center was created by a consortium of
laboratories. An Advisory Committee has been established to help guide the
development of this Center. Funding for this project is being provided by the US &rmy
Medical Research and haterie] Command. Suggestions for improvement of the Center

are welcomed (see Feedback).
VBBR.
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Task 3. To collect existing gene and genomic sequences for viral threat agents and import
them into the database for subsequent annotation and analysis (Months 1-24).

a. We will obtain existing gene and genomic sequences for all viruses that
potentially could be used as agents of biological warfare or terror. The




information collected will include the corresponding descriptive annotation
provided with the sequences.

¢ An automated parser has been developed (XSeq Exchange) that can parse XML-
formatted GenBank sequence records and their annotation and load that information
into the VBBR database. This application will greatly enhance our ability to add
new viral genomes to the VBBR database. The database schema for the parser is
shown below in figure 3.
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remark
FK1 | seqSearch_unig

genomeSeq

PK |genomeSeq uabid

genome_sequence
GBSeq_contig
v FK1 | segSearch_unig

GBSeq

PK | seqSearch_uniq

- inf
seqSearch_userid ncbi_datainfo

seqSearch_date < PK | ncbi_uabid
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Figure 3. XSeq Exchange Database schema




e The genome and gene database is currently populated with most of the viruses
currently on the NIAID A-C priority pathogen list. These are shown on the
genomes page of the VBBR web site as displayed in figure 4.

VBBR.

data | analysis | reagents | lterature | discussion | annourcements | links | home

Data

Genoes lGenes | Sequence Download

Complete Genomes Available in the Viral Biodefense Bioinformatics Resource

Click for information on changes to the VBBR virus designations. €3

Andes virus segment L, complete sequence

Andes virus segment M, complete sequence

Andes virus segment S, complete sequence

Crimean-Congo hemorrhagic fever virus S gene for nucleoprotein, genomic RNA

Crimean-Congo hemarrhagic fever virus gene for envelape glycoprotein precursor complete cds, isolate:88166.
Eastern equine encephalitis virus, complete genome

Guanarito virus strain INH-95551 segment S, complete sequence

Human hepatitis virus type A RNA, complete genome.

Hantaan virys S segment gene for nucleacapsid protein, complete cds, strain:Chend.

6562 NC_003468
3671 NC_003267 ?
1871 NC_D03466 !
1672 AJ010649
5367 ABOBIE75
11,675 NC_D038399
3343 AY129247
7474 M20273
1623 AB027101

Hantaan virus gene for putative polymerase, genomic RNA 6533 X55901
Hantaan virus M segment gene for polyprotein, complete cds, strain:NC167. 3626 ABO27115
Junin virus GPC and N genes for alycoprateins and nucleocapsid protein, complete cds 3400 D10072

La Crosse virus segment L, complete sequence

La Crosse virus segrment M, complete sequence

La Crosse virus segment S, complete sequence

Lagsa virus segment L, complete sequence

Lassa virus segment S, complete sequence

Lymphacytic choriomeningitis virus segment L, complete sequence
Lymphaocytic choriomeningitis virus segment S, complete sequence
Machupo virus strain Carvallo segment S, complete sequence
Marburg virus, complete genome

Tick-bome encephalitis virus, complete genome

Buumnala virus genomic S-RNA, isolate: Tobetsu-60Cr-93, complete sequence viral-complementary strand.
Rabies virus, complete genome

Reston Ebola virus, complete genome

Rift Valley fever virus S segment, complete sequence

Rift Valley fever virus L segment, complete sequence

Rift Valley fever virus, complete genome

SARE coronavirus, complete geneme

Venezuelan equine encephalitis virus, complete genome

Western equine encephalomyelitis virus, complete genome

West Nile virus, complete genome

Yellow fever virus, complete genome
ire irus n

6980 NC_004108
4527 NC_004109
984 NC 004110
7279 NC_004297
3402 NC 004296
6680 NC_004291
3376 NC_004294
3439 AY129248
19,112 NC_001608
11,141 NC_001672
1833 ABD10731
11932 NC_001542
18,891 NC_004161
1590 NC_002045
6608 NC_002043
3885 NC_002044 !
29751 NC_004718
11,444 NC_001449
11,484 NC_003908
10,962 NC_001563 5
10,862 NC_002031
18953 NC_002549
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Task 4.

Task 5.

Task 6.

b. We will also collect and provide the references for publications in the scientific
literature that describe studies on the structure and function of orthopoxvirus
genes and genomes. We will link this information on our web site to the
appropriate gene records in our database.

e Not yet done. Tasked for year 2.

¢. We will initially obtain viral sequence from public databases such as GenBank.
We will also obtain unpublished sequence information through inquires and
interactions with other scientists that have been initiated by our collaborators.

¢ Not yet done. Tasked for year 2.

To provide computer-automated and human-directed annotation to confirm and
update existing biological information in the sequence records for existing as well as
newly obtained sequences. (Months 6-24)

¢ Computer-automated annotation has been completed for the viruses listed in figure
4. Human directed annotation is tasked for year 2. An example annotation record is
shown in figure 5.

To perform a variety of analyses on genome and gene sequences to provide
additional information on their structure, function, and evolution. (Months 6-24)

¢ Initial computer-aided analysis has been completed. Additional analyses tasked for
year 2.

To provide through the web site, a set of analytical and visualization tools that will
allow users of this resource to mine the data for useful information, to perform
comparative analyses between these and other viruses, and to better visualize and
assess the significance of their results. (Months 6-24)

o Currently available analytical and visualization tools include:
Genome map visualization (Figure 6.)

Genome protein gene ortholog comparisons

Gene synteny visualization (Figure 7.)

BLAST similarity searches

BLAST search parsing and database storage

f. Java-based Visualization of BLAST search results (Figure 8.)

® A new database and web server has been installed and is now supporting all VBBR
resources. This new server provides added security and has greatly increased
performance of the VBBR web site.

® Development of additional analytical and visualization tools are tasked for year 2.
These will include tools for creation and visualization of multiple sequence
comparisons and tools for the inference and visualization of evolutionary trees.

o a0 op
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VBBR Gene Record for: REBOV-PENN:RN.A-dependent RNA polymer
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Virus: Reston Ebola virus strain Pennsylvania
Genbank Locus Name: RNA-dependent RNA polymer
Gene Name: RINA-dependent RNA polymer
VBBR Gene Number: REBOV-PENN_16
DMolecule: Protein
Strand: Forward
Protein Length: 2212
Nucleotide Length:
Start: 11550
Finish: 18188
Molecular Weight: 252546.62
pL: 8.15
Description: RNA-dependent RN A polymerase [Reston Ebola virus]

Nunber of puta we [0 (Click for the Complete TransMem Record)
Transmembrane Domains: |

Prosite Motifs: irNo Hits
Coiled-coil Segments: iNone
Signal Peptides: [None

Secretory

Genbauk Protein View Surnm
Virus Proteins (ortholog search) | View Summary

Notes

]

Protein Sequence

MATOHTQYPD ARLSSPIVLD QCDLYTRACG LYSSYSLNPQ LRQCKLPKHI YRLKFDTIVS KFLSDTPVAT LPIDYLVPIL LRSLTGHGDR PLTPTCNQFL DEIINYTLHD
AAFLDYYLKA TGAQDHLTNI ATREKLKNEI INNDYVHQLF FWHDLSILAR RGRINRGNNR STWFVHDEFI DILGYGDYIF WKIPLSLLPY TIDGVPHAAT DWYQPTLFKE
SILGHSQILS VSTAEILIMC KDIITCRENT SLIASIAKLE DVDVSDYPDP SDILKIYNAG DYVISILGSE GYKIIKYLEP LCLAKIQLCS KFTERKGRFL TQMHLSVIND
LRELISNRRL KDYQQEKIRD FHKILLOLOL SPQQFCELFS VQKHWGHPIL HSEKAIQKVK RHATILKALR PNVIFETYCV FKYNIAKHYF DSQGTWYSVI SDRNLTPGLN
SFIKRNHFPS LPMIKDLLVE FYHLNHPPLF STKVISDLSI FIKDRATAVE QTCWDAVFEP NVLGYNPPNK FSTKRVPEQF LEQEDFSIES VLNYAQELHY LLPQNRNFSF
SLKEKELNIG RTFGKLPYLT RNVQTLCEAL LADGLAKAFP SNMMVVTERE QKESLLHQAS WHHTSDDFGE NATVRGSSFV TDLEKYNLA!

VFNVMHYLIP QCYMHVSDYY NPPHNVNLSN REYPPEGPSS YRGHLGGIEG LQOQKLWTSIS CAQISLVEIK TGFKLRSAVM GDNQCITVLS VFPLKTDPEE QEQSAEDNAA
RVAASLAKVT SACGIFLKPD ETFVHSGFIY FGKKQYLNGY QLPQSIKTAA RMAPLSDAIF DDLQGTLASI GTAFERAISE TREILPCRIV AAFHTYFAVR ILQYHHLGFN
KGIDLGQLSL SKPLDYGTIT LTLAVPQVLG GLSFLNPEKC FYRNFGDPVT SGLFQLRVYL EMVNMKDLFC PLISKNPGNC SAIDFVINPS GLNYPGSQDL TSFLRQIVRR
SITLTARNKL INTLFHASAD LEDEMVCKWL LSSNPVMSRF AADIFSRTPS GKRLQILGYL EGTRTLLASK IINNNSETPY LDKLRKITLQ RUNLWFSYLD HCDQLLADAL
OKISCTVDLA QILREVTUSH ILEGRSLIGA TLPCHMVEQFK VKWLGQYEPC PECLNKKGSN AYVSVAVKDQ VVSAWPNTSR ISUTIGSGVP YIGSRTEDKI GQPAIKPRCP
SSALKEAIEL ASRLTVVTQG GSNSEQLIRP FLEARVNLSY SEVIOMTPSH YSGNIVHRYN DQYSPHSFMA NRMSNTATRL IVSTNTLGEF SGGGQAARDS NITFONVINL
AVALYDIRFR NTNTSDIRHN RAHLHLTECC TKEVPAQYLT YTSALNLDLS RYRDNELIVD SNPLKGGLNC NLTIDSPLVK GPRLNMIEDD LIRFPHLSGW ELAKTVVOSI
ISDNSNSSTD PISSGETRSE TTHFLTYPQI GLLYSFGAVL CFYLGNTILW TKKLDYEQFL YYLHNQLHNL PHRALRVFKP TFKHASVMSR IMEIDSNFSI YIGGTSGDRG
LSDAARLFLR TAIASFLOFL KSWIIDRQKT IPLWIVYPLE GQQPESINEF LHKILGLLKQ GPKSIPKEVS IONDGHLDLA ENNYVYNSKS TASNFFHASL AYWRSRKSRK
TQDHNDFSRG DGTLTEPVRK FSSNHQSDEK YYNVTCGKSP KPQERKDFSQ YRLSNNGQTM SNERKKGKFH KVNPCKMLME SQRGTVLTEG DYFQNNTPPT DDVSSPHRLI
LPFFKIGNHN HAHDQDAQEL MNQRIKQYLH QLRSMIDTTI YCRFTGIVSS MHYKLDEVLL EYNSFDSAIT LAEGEGSGAL ILIQKYSTRL LFINTLATEH SIESEVVSGE
STPRMLLPIM QKVHEGQVTV ILNNSASQIT DITSSMWLSN QKYNLPCQVE IIMMDAETTE NLNRSQLYRA VYNLILDEID PQYLKVVVLK VFLSDIEGIL WINDYLAPLF
GAGYLIKPIT SSARSSEWYL CLSNLISTHNR RSAHQTHKAC LGVIRDALQA QVQRGVYWLS HIAQYATKNL HCEYIGLGFP SLEKYLYHRY NLVDTGLGPL SSVIRHLTNL
QAEIRD]I'.géD YNLMRESRTQ TYHFIKTAKG RITKLVNDFL KFSLIVQALK NNSSWYTELK KLPEVINVCN RFYHTHNCEC QEKFFVQTLY LORLRDAEIK LIERITGLMR
FYPEGLIYSN HT
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Figure 5. VBBR Gene Annotation Record.
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PROGRAM: blastx
DATABASE: nr
QUERY SEQUENCE: sars

r SortBy e-Value Fliter
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gi126007546|xef ORFlab polyprotein [Murine hepatitis virus) .
gi[26008095|ref transmembrane domain 2 [Bovine cororavirus]
gi122219303| pdb Chain A, Stxucture Of Coronavirus Main Proteinase
gi[25121564 | xef coronavixus nsp3 (HD2) [Murine hepatitis virus]
gi]26008087|xef coxonavirus nsp5 {Bovine coronavirus]
gil25121551 xef coxonavirus nsp6é [Avian infectious bronchitis viru
gi125121568 | ref coronavirus nsp7 (GEL); growth-factor-like protein
gi 125121569 xef coronavirus nspd (RdRp); RNA-dependent RNA polyme
gi16625761)gb|A RHA-directed RNA polymerase [murine hepatitis vira
4i 26008091 [ref coronavirus nspl0 (MB, HTPase/HEL); metal-binding
gi 125121571 [ref coronavirus nspll [Murine hepatitis virus}
91126008094 {xef coxonavirus napl3 [Bovine coranavirus]
9115565844 gb|a spike glycoprotein fmurine hepatitis virus]
gil6706916|gb|A spike glycoprotein [hovine coronavizus]
§116179905|gb{R membrane protein [murine hepatitis virus)
§i111640712)gh| nucleocapsid protein [Equine coronavirus]
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Figure 8. VBBR BLAST Viewer. The figure shows the results of a BLASTX search of the SARS
genome against the Genbank non-redundant protein database.




KEY RESEARCH ACCOMPLISHMENTS:

Establishment of the VBBR Database

Establishment of the VBBR Web Site

Development of the XSeq Exchange GenBank sequence parser

Population of the VBBR database with virus genomic information

Computational annotation of virus genes

Implementation of analytical and visualization tools for BLAST searches
Implementation of analytical and visualization tools for genome ortholog comparisons

REPORTABLE OUTCOMES:
Informatics:

VBBR Database
VBBR Web site (http://vbbr.genome.uab.edu)
¢ VBBR analytical and visualization tools

Presentations:

¢ USAMRIID/WRAIR/LANL/UAB Workshop, August 11, 2003 WRAIR
USAMRMC Bioinformatics Workshop, November 4, 2003 (Poster)

Funding proposals submitted extending this work:

e NIH/NIAID Proposal in response to the RFP: NIH-NIAID-DMID-04-34,
"Bioinformatics Resource Centers for Biodefense and Emerging/Re-emerging
Infectious Diseases"

CONCLUSIONS:

Development of the Viral Biological-threat Bioinformatics Resource (VBBR) has substantially
followed the original task list and essentially all tasks proposed for year 1 have been accomplished.
The result is a Bioinformatics Resource Center that can now begin to support the needs of basic
and applied biodefense research directed at gaining a better understanding of the pathogenesis,
evolution, and overall biology of viral pathogens as well as support the development of detectors,
diagnostics, antivirals, and vaccines. Future work will follow the original task list and is aimed at
providing human-curated gene records along with additional analytical and visualization tools that
can better support understanding the role of individual genes in virus pathogenicity.
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